Introduction
Recording vital events serves to meet both legal requirements and also statistical purposes, as well as enabling research into the health situation. 1, 2 In Brazil, the Mortality Information System (SIM) was implanted in 1975, while the Live Birth Information System (SINASC) was implanted in 1990. The aim of both systems was to consolidate information on vital statistics in Brazil as a whole as well as in all its Federative Units. 1 SIM data is provided via Death Certificate (DC) while SINASC data is provided via Live Birth Certificate (LBC). 1 SINASC and SIM have been evaluated nationally and locally with regard to mother and child health data in relation to several quality indicators, such as coverage, completeness, reliability and timeliness of these systems, as well as consistency and validity of the data they provide. [1] [2] [3] [4] [5] [6] With regard to completeness, studies of SINASC have shown it to be good to excellent, with few exceptions in the case of some variables. 4 ,6-9,10-14 The variables identified by these studies as having poorest completeness were: race/skin color, parity, maternal schooling and occupation, liveborn children and stillborn children. It should be noted that more recent studies have found lower levels of LBC incompleteness, mostly below 10%, 10 even for specific at-risk live birth populations. 8 An exception was the state of Acre, where completeness of the majority of variables worsened between 2005 and 2010. 15 National evaluations for the periods 2006-2010 and 1996-2013 found differences between regions of the country and state capital cities. 10, 11 The Northeast region, for example, had the highest percentage of incompleteness, mainly for the 'race/skin color' and '5-minute Apgar' variables; 10 the same region also had the poorest LBC incompleteness for 'maternal schooling', although it has improved regarding this variable in recent years; the Southern region had the best performance. 11 With regard to the SIM system, variable completeness quality is lower than that of SINASC, in particular completeness of sociodemographic variables. 3, [12] [13] [14] [16] [17] [18] [19] There is a high proportion of data incompleteness on SIM, above all for the following variables: 'race/ skin color', maternal 'schooling', 'liveborn children' and 'stillborn children', maternal 'age' and 'length of pregnancy'. Even birth weight, which is a relevant indicator for women's and children's health, has a regular percentage of incomplete data. 14, 17 In 2011, changes occurred to the way in which some LBC and DC variables are filled in, with the aim of enhancing the information held on both systems, i.e. SINASC and SIM, and also to make them more comparable with the model used by the Brazilian Institute of Geography and Statistics (IBGE). 20, 21 In the case of LBCs, 20 these changes included maternal age, which started to be calculated based on date of birth and no longer by asking the mother her age; and race/ skin color, which previously referred to the baby but with effect from 2011 became the mother's self-reported race/ skin color. Data on maternal schooling began to include the categories of elementary education I, elementary education II, high school and higher education; as well as school grade, described in years of study. Data on gestational age (GA) changed from clustered categories to the exact number of weeks of pregnancy, as well as requiring a diagnostic approach to GA, either by the date of last menstruation, or by other methods. Another relevant change was made to the number of stillborn children variable, referred to with effect from 2011 as 'fetal losses', by including miscarriages and fetal deaths in a new field on the mother's reproductive history.
In the case of DCs, the schooling variable was modified in the same way as LBC. 21 Gestational age, which previously was stratified in age ranges, was now recorded as the number of weeks; and the field on the number of children mothers had already had also took on the nomenclature of 'fetal losses/miscarriages', thus replacing the former term 'stillborn children'. 21 Evaluation conducted by the Ministry of Health's General Coordination of Epidemiological Information and Analysis for the period 2000-2011, detected both improvements and challenges for Brazil, taking the year 2011 as its reference. 20, 21 In short, there continue to be problems with information quality, capable of both affecting the indicators used to inform public policies 2 and also producing bias in epidemiological studies. 18, 19 With regard to the SIM system, variable completeness quality is lower than that of SINASC, in particular completeness of sociodemographic variables.
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With regard to socio-economic variables, poor filling-in of data hinders, above all, identification of inequalities in various outcomes of women's and children's health, such as infant death and access to health services, represented by the number of antenatal appointments and type of child delivery. 3, 18, 19 It is also important to remember that investigation of infant and fetal deaths, which has been compulsory in Brazil since 2010, 22 is yet another strategy intended to qualify DC information, improving the notification of underlying cause of death and enabling identification of shortcomings in health care provision, in addition to enabling the adoption of health prevention and promotion measures.
SIM and SINASC decentralization has led to these information systems being closer to the sources that capture event data at local level, as well as enabling better monitoring of data collection. The changes to the fields relating to maternal schooling, age and race/ skin color have enabled the collection of more precise, detailed and qualified information. 20, 21 Although SINASC and SIM coverage in the state of Rio de Janeiro is high, being close to 100%; 20, 21 scientific production on the quality of vital statistics held on them has been scarce in the last 20 years. 16 The objective of this study was to analyze the incompleteness of SINASC and SIM variables in the state of Rio de Janeiro for the 1999-2014 time series.
Methods
This is a time series study on the quality of vital statistics for the state of Rio de Janeiro, with regard to the completeness of data available on the SINASC and SIM databases, retrieved using the Rio de Janeiro State Health Department data tabulator -Tabnet -for each system: http://sistemas.saude.rj.gov.br/tabnet/tabcgi. exe?sinasc/nascido.def and http://sistemas.saude. rj.gov.br/tabnet/deftohtm.exe?sim/infantis.def
We used the definition of quality proposed by Lima et al., 5 according to whom completeness is translated by the proportion of filled-in fields containing values that are not null. In addition to this definition, we also took Romero & Cunha 3 as a reference for null fields: i.e. unknown or unfilled fields, which are evidence of the 'incompleteness' of an information system. The extent to which an information system field is filled in was stratified by these authors as being: excellent, when incompleteness is less than 5%; good, 5%-10%; regular, 10%-20%; poor, 20%-50%; and very poor, when incompleteness is greater than 50%. 7 This score continued to be one of the most used in completeness studies published between 2013 and 2017. 7, 9, [13] [14] [15] [16] [17] 19 Adaptations were made at the cutoff points of the 'good' and 'regular' categories of classification, to avoid overlapping of incompleteness values (good, 5% <10% and regular, 10% <20%).
The population we studied consisted of all live births and neonatal deaths notified in the state of Rio de Janeiro for the period 1999-2014. The followed variables were selected for analysis on SINASC: a) Variables relating to the newborn baby -sex; -birth weight; -5-minute Apgar; -congenital abnormality b) Maternal sociodemographic variables -schooling -usual occupation -maternal age -marital status -race/skin color c) Reproductive variables, relating to pregnancy and delivery -number of liveborn children -number of stillborn children -length of pregnancy -antenatal appointments -type of pregnancy -type of delivery With regard to the 'race/skin color' variable, we also took into consideration data applied to newborn babies in the period 1999-2010, before the change in 2011, with the objective of completing the time series. We opted for evaluating only the 5-minute Apgar variable, since this is the variable that is most related to mortality from neonatal asphyxia. 23 We analyzed the same variables on SIM, except for 'congenital abnormality', 'antenatal appointments', 'marital status' and 'newborn Apgar', as these do not have a corresponding field on the death certificate (DC).
In order to analyze temporal trends we used the Joinpoint Regression application which fits a series of lines and their joinpoints on a logarithmic scale to demonstrate annual trends. We used the Monte Carlo Permutation Method to test for significance. This method adjusts the best line for each segment. Once these segments have been established, their respective annual percentage changes Neonatal vital statistics incompleteness (APC) are estimated and tested. When direction is inverted or when different trend patterns are seen at a joinpoint, the periods are analyzed separately. In this situation, the final year of one period coincides with the first year of the next period and, for each variable, these periods can be different in relation to the years analyzed, depending on the moment when change is detected; if there is no change, the period is analyzed as a whole.
Incompleteness percentages for SIM variables for the year 2014 were also compared between investigated and uninvestigated neonatal deaths. Fisher's exact test was used to estimate the differences between the percentages.
This study is part of the project entitled 'Integrated Health Records: application of the chain link model in women's and children's health studies (RIS-RJ)', approved by the Federal University of Rio de Janeiro Institute of Public Health Studies Research Ethics Committee (CEP/IESC/UFRJ): Certification of Submission for Ethical Appraisal (CAAE) No. 07534512.9.0000.5286, dated October 3 rd 2012. It should be noted that this article is based on public domain data whereby there is no identification of participants. Table 1 shows percentage incompleteness of the selected SINASC variables and their temporal trend. In 1999, percentage incompleteness was highest for the 'marital status', 'number of stillborn children' and baby's 'race/skin color' variables which were all above 20%, followed by 'number of liveborn children' (16.04%), 'congenital abnormality' (13.99%) and mother's 'usual occupation' (10.20%). Incompleteness was under 5% for all other variables. In 2014, degree of incompleteness had fallen for all variables, with the exception of 'length of pregnancy' and 'usual occupation'; none of them were in excess of 5% incompleteness, except mother's 'usual occupation' which rose to 14.07%. The biggest changes occurred in relation to 'marital status' which fell abruptly between 1999 and 2001, and also in relation to the reproductive variables 'number of liveborn children' and 'number of stillborn children', which fell constantly and significantly by more than 20% per annum in the period 2010-2014. 'Race/skin color' fell by 50.4% between 1999 e 2000, and from then on fell constantly by 8.5% per annum and reached under 2% incompleteness in 2014. Other variables, notwithstanding the low percentages found in 1999, continued to reduce incompleteness and achieved extremely low levels -under 1% -in 2014. On the other hand, completeness of five variables worsened: usual occupation, type of pregnancy, length of pregnancy, antenatal appointments and 5-minute Apgar. Table 2 shows percentage incompleteness of the SIM variables for neonatal deaths recorded in the period 1999-2014. In 1999, incompleteness of the 'number of stillborn children' variable was over 60%, followed by maternal 'schooling' (36.6%), 'usual occupation' (29.6%), 'number of liveborn children' (29.3%), maternal 'age' (28.2%) and 'race/skin color' (27.4%). The other variable fields -sex and weight -were between 10% and 20% incomplete; only 'sex' had an excellent completeness score (0.59%). By 2014, incompleteness of almost all variables had reduced in a statistically significant manner, most of which achieved good or excellent scores; the exceptions were 'number of stillborn children' and 'schooling' which achieved regular scores in 2014. The mother's 'usual occupation' (26.26%) variable showed no significant improvement and maintained a poor level of incompleteness of over 20%.
Results
As for temporal trend, reduction in incompleteness predominated in the period studied, for the majority of variables on both systems, although the reduction was greater on SINASC. At times variables were stable, or had different trend patterns and different reduction intensity. On SINASC, 'race/skin color', 'sex' and 'marital status' stood out by having reductions equal to or greater than 50%; on SIM, the biggest reductions occurred in relation to 'race/skin color', 'type of delivery' and 'type of pregnancy'. The exception was 'length of pregnancy' which, following a reduction in incompleteness (-17.8%), increased again between 2004 and 2014 (8.0%). Despite the trend variation seen, percentage incompleteness of this variable was lower in 2014 when compared to 1999.
Considering the two information systems, incomplete data was found to be higher on SIM both in 1999 and in 2014 for the majority of variables. In 2014, with the exception of 'usual occupation', no SINASC variable exceeded 5% incompleteness. However, on SIM in 2014 two variables exceeded 10% incompleteness, namely 'number of stillborn children' and 'schooling', while the 'usual occupation' variable continued to be more than 20% incomplete.
In 2006 only 16% of total neonatal deaths in the state of Rio de Janeiro were investigated, whereas in Renata Rodrigues Garcia Lino et al. 2014 almost 60% were investigated (57.6%). In Table  3 it can be seen that in 2014 investigated deaths had lower incompleteness percentages than uninvestigated deaths, with statistically significant differences, except for the 'race/skin color' and 'sex' variables.
Discussion
This study analyzed the temporal trend of SINASC and SIM variable completeness in the state of Rio de Janeiro over a fifteen-year period, encompassing the period of changes to these systems with effect from 2011. It identified improvements on both information systems. This finding reflects a national trend, 20, 21 resulting from investment in changes to the systems in keeping with the valuing of epidemiological information in health policies. 24 Decentralization of these information systems has enabled them to get closer to their respective data collection sources, thus facilitating monitoring and increasing data quality. 20, 21, 24 2 (-3.4;3.8)  -21.3 c (-26.7;-15 Note: Romero & Cunha's classification for incomplete filling in of an information system data field: excellent, under 5% incompleteness; good, 5% <10%; regular, 10% <20%; poor, 20%-50%; and very poor, 50% or over. The cut-off points of the 'good' and 'regular' categories were defined to avoid overlap between the incompleteness values.
Neonatal vital statistics incompleteness
In 1999, SINASC in the state of Rio de Janeiro had three variables with poor completeness and three with regular completeness; completeness of the other variables was excellent; in 2014, completeness of the majority of the variables showed improvement and, as per Romero & Cunha's 4 classification model, all variables achieved excellence, with the exception of maternal 'usual occupation'.
It is noteworthy that although it had low incompleteness in 2014 (2.4%), data on length of pregnancy worsened, this being a result also found by the report about changes to SINASC: 20 increased incompleteness in 2011, and an increase unknown or blank answers from 0.6% to almost 4%. Another negative finding was the 'antenatal appointments' field which worsened in the period 2009-2014 in the state of Rio de Janeiro, perhaps because of the change in the option from a variable with intervals to a continuous variable.
When comparing data completeness in the state of Rio de Janeiro with that of other Brazilian locations, regions and Federative Units, 9,10,13,14 an increase in completeness can be seen nationwide. The only exception was the state of Acre, 15 that the majority of the studies referred to assessed data prior to 2011 and this makes comparison difficult. The reproductive variables still need to be improved. In the case of the 'number of stillborn children' variable, the way this field is filled in changed in 2011 to include previous miscarriages. This alteration may explain the unusual increase in the percentage of women having one or more stillbirths in the period studied, from 2010 to 2014 (from 9.5% to 18.2%), this being in disagreement with the falling trend in fetal deaths in Southeast Brazil and in the country as a whole, as found by a study on low birth weight. 25 Similarly to SINASC data, SIM data completeness with regard to neonatal deaths in the state of Rio de Janeiro showed statistically significant improvement in the variables analyzed. However, there continue to be shortcomings with some variables, in particular maternal 'usual occupation', albeit with poor completeness.
The evaluation of SIM completeness for the Brazilian state capitals in 2011 and 2012 19 found that maternal occupation was the most poorly filled in variable: the corresponding field not only had problems related to poor completeness, but also problems of consistency, with variation in classification between different sources, as per Romero & Cunha. 4 These results are in agreement with those of evaluations of other systems, such as the Notifiable Diseases Information System (SINAN). 26 It is probable that the fact of this variable requiring searches on the Brazilian Classification of Occupations, as well as difficulties in interpreting the instructions contained in the manuals, favor poor completeness. 4 Number of stillborn children was the variable with the highest percentage of incompleteness according to our study and also according to other studies. 14, 16, 18 In the state of Rio de Janeiro, the rate of this variable remained high in 2014 (15.3%), whereas in Recife in
Neonatal vital statistics incompleteness the period 2010-2012 it was only 4.3%, demonstrating potential for improved completeness. 14 The falling trend of incompleteness, together with improvement in the quality of data found on SIM, is probably related to the work of the Infant Death Prevention Committees, given the difference found regarding investigated infant deaths in almost all variables; this fact was also reported in Ribeirão Preto and Pernambuco for infant deaths. 12, 17 Although the main objective of the death investigation committees is to determine correct underlying cause of death and potential death avoidability, correcting vital information records is also an objective stipulated in the Infant and Fetal Death Surveillance Manual. 27 In our study the 'birth weight' and maternal 'age' variables fell into the excellent completeness category for investigated deaths, while they only had regular completeness scores in the case of uninvestigated deaths.
The persistence of incompleteness of sociodemographic variables, such as race/skin color, maternal occupation and schooling, hinders analysis of several mother and child health outcomes, in particular neonatal mortality. 3, 19 A recent study showed that the completeness of maternal schooling data on SINASC improved for Brazil as a whole between 1996 and 2013, although it still requires efforts to achieve ideal completeness; 11 its authors stress the importance of maternal schooling in studies on infant morbidity and mortality in the context of health inequalities.
As SIM incompleteness percentages were higher than those of SINASC for all variables, this corroborates the superior quality of live birth data. [12] [13] [14] 16, 19 The procedure for linking the databases of both systems should be encouraged in order to enhance studies on infant mortality in Brazil. Doing this, whenever possible, will result in SINASC data completing or correcting SIM data. 18, 19 Another aspect to be discussed, although it cannot be identified on the information systems, is the training of health professionals responsible for filling in LBC and DC. [28] [29] [30] Only doctors are authorized to issue Death Certificates, whereas other health professionals can issue Live Birth Certificates. Studies have demonstrated that doctors do not receive sufficient training and/ or do not keep up to date on adequate filling in of DCs. 28, 30 Health professionals responsible for filling in LBCs, usually nursing or administrative staff, generally incorporate this routine into their daily work in a more consistent manner. 29 Collaboration between different health professionals working in the same service can improve the quality of these documents. 30 One study has also described a possible difficulty felt by health professionals in recording events of a negative nature. 30 Notwithstanding, problems were found both with the filling in of unfavorable variables, i.e. stillborn children, and with the filling in of favorable variables, i.e. liveborn children and even of neutral variables, e.g. maternal occupation. This is a relevant aspect that should be considered by future studies.
Despite the length of implementation time of the mortality and live birth information systems being different, which may interfere with information quality and limit comparison of the completeness of variables common to both systems, ever since it was implemented SINASC data fields have been filled in better when compared to those of SIM. 3, 4, 12 It is appropriate to comment that the study conducted by Oliveira et al. 10 about SINASC quality in the period 2006-2010 used a different classification for completeness, taking a 90% cut-off point to define adequate classification. 10 Notwithstanding, the vast majority of studies continue using the classifications and cut-off points proposed by Romero & Cunha. 7, 9, [13] [14] [15] [16] [17] 19 This is the reason why our study opted to use this score in order to facilitate result comparison.
Temporal evolution of data completeness, both for SINASC and for SIM, showed favorable changes, thus reinforcing the use of these databases in epidemiological studies. However, changes in the format of some variables in 2011, such as 'length of pregnancy' and 'number of stillborn children/fetal losses', may have had repercussions on other dimensions of data quality.
The results we present will contribute to greater visibility of vital statistic information quality in the state of Rio de Janeiro. To complement this, new studies should explore the reliability and validity of this information, with the aim of making information systems, which were the object of our study, even more robust and reliable for clinical and research use. Undoubtedly the work of the death investigation committees has been fundamental for qualifying information on mortality. Our final recommendation is that efforts and procedures aimed at building the capacity of health professionals -in this case the adequate filling in of data available on SINASC and SIM -should not only be continued but also enhanced, with the aim of ensuring greater data completeness.
